Dairy product intake could contribute to preventing hypertension, but information linking intake of these foods with changes in blood pressure over long periods of time, particularly in non-whites, is scarce. We analyzed the Atherosclerosis Risk in Communities study, a prospective cohort in the United States, to assess whether different types of dairy products were associated with changes in blood pressure over time. The analysis included 6912 white and 1296 African-American nonhypertensive men and women, aged 45-64 at baseline. After 9 years of follow-up, systolic blood pressure of whites consuming three or more daily servings of low-fat milk increased 2.7 mm Hg less than in those consuming less than one serving per week (P for trend ¼ 0.01). Among African Americans, dairy products intake was not associated with changes in blood pressure over time. In conclusion, higher low-fat milk intake was associated with lower increases in blood pressure in whites but not in African Americans. ( Keywords: dairy; blood pressure; cohort; epidemiology; race An elevated intake of dairy products has been repeatedly associated with reduced risk of high blood pressure (BP) (Pereira et al., 2002; Alonso et al., 2005; Wang et al., 2008; Toledo et al., 2009 ). However, information on the relation between these foods and BP levels over long periods of time, particularly in non-whites, is limited. We assessed the association between intake of dairy products and changes in BP over 9 years in the Atherosclerosis Risk in Communities (ARIC) study, a biracial cohort in the United States (The ARIC Investigators, 1989).
An elevated intake of dairy products has been repeatedly associated with reduced risk of high blood pressure (BP) (Pereira et al., 2002; Alonso et al., 2005; Wang et al., 2008; Toledo et al., 2009) . However, information on the relation between these foods and BP levels over long periods of time, particularly in non-whites, is limited. We assessed the association between intake of dairy products and changes in BP over 9 years in the Atherosclerosis Risk in Communities (ARIC) study, a biracial cohort in the United States (The ARIC Investigators, 1989) .
The ARIC study recruited a population-based sample of 15 792 men and women (27% African American), aged 45-64, from four US communities in [1987] [1988] [1989] . At baseline, participants underwent a physical examination, including measurements of BP and a dietary assessment. Sitting BP was measured by trained technicians after a 5 min rest using a random zero sphygmomanometer. Systolic and diastolic BP were calculated as the average of the second and third of three consecutive measurements. Diet was assessed using a 66-item food-frequency questionnaire based on the Willett 61-item questionnaire (Willett et al., 1985) . Six items corresponded to dairy products (low-fat milk, whole-fat milk, yoghurt, ice cream, ricotta or cottage cheese, and other cheese). A previous study found moderate correlations between dairy product intake assessed by the food-frequency questionnaire and a diet record (up to 0.62 and 0.81 for whole-fat milk and low-fat milk, respectively) (Salvini et al., 1989) . ARIC participants were examined three more times during the follow-up at approximately 3-year intervals. Response rates were 93, 86 and 80% at the follow-up exams. BP was measured in each exam using the same methodology.
For this analysis, we excluded participants who had diabetes, hypertension (systolic BPX140, diastolic BPX90 or using antihypertensive medication), or cardiovascular disease at baseline, and those with missing variables for any baseline covariate or implausible energy intakes (o500 or 43500 kcal per day in women, o700 or 44500 kcal per day in men). Table 1 includes selected characteristics of the 8208 eligible participants at baseline.
Associations between intake of dairy products and changes in BP over time were assessed using general linear models for repeated measures (Proc Mixed in the SAS software, SAS Institute Inc., Cary, NC, USA), with BP at each visit as the dependent variable, running separate models for whites and African Americans. We included the following independent variables: age, sex, study center, body mass index, waist-tohip ratio, physical activity, smoking, and intake of total energy, alcohol, sodium, potassium, fruits and vegetables, dairy products, study visit, and an interaction term between study visit and dairy intake. The coefficient for this interaction term estimated the average change in BP from visit to visit (3-year intervals) by category of dairy intake. Use of antihypertensive medication at the follow-up visits was taken into account by adding a constant to BP values at the relevant visits (10 mm Hg for systolic BP, 7 mm Hg for diastolic BP) as recommended elsewhere (Tobin et al., 2005) . Other approaches to deal with antihypertensive medication use, such as introducing an indicator variable in multivariable analysis or excluding antihypertensive medication users, could cause bias (Tobin et al., 2005) . Prevalence of antihypertensive medication use in successive follow-up visits was 4.5, 10.0 and 17.0%. Table 2 reports average changes in systolic and diastolic BP between study visits across categories of total dairy, low-fat milk and whole-fat milk intake, for the entire sample, and separately for whites and African Americans. Only low-fat milk was inversely associated with systolic BP longitudinally, and this association was restricted to whites. Systolic BP between visits 1 and 4 (9 years) increased 2.7 mm Hg (95% CI À0.3, 6.0) less in whites consuming three or more daily servings of low-fat milk than in those consuming less than one serving per week (P for trend ¼ 0.01). Neither intake of whole-fat milk in whites nor any dairy food in African Americans was associated with BP changes over time ( Table 2) . Intake of other individual dairy products did not have enough variability in the population to permit study of associations with BP change (data not shown). The same pattern of results was observed when we used different values for the effect of antihypertensive medications, when we ignored BP measurements from visit 1, or when we included individuals with prevalent diabetes or cardiovascular disease.
We observed similar associations when incidence of hypertension and not BP change was the main outcome variable (data not shown).
Our study has valuable strengths. The ARIC cohort includes a racially diverse, representative sample of four different communities in the United States, increasing the generalizability of our results. BP was measured repeatedly in each participant, reducing within-person variability. The results were robust to different analytical assumptions. In addition, information on other risk factors for elevated BP, including other dietary factors, was available, allowing control of confounding.
Weaknesses of the present study include the limited range of exposure to some dairy products, particularly in African Americans; the suboptimal sample size in the racespecific analysis; nondifferential measurement error in the dietary assessment, which could obscure existing associations; potential for selection bias due to selective losses to follow-up and presence of unmeasured confounding that could explain the observed inverse associations. These limitations suggest that our results should be interpreted cautiously.
Intake of dairy foods, particularly low-fat products, has been consistently associated with lower BP levels and reduced risk of hypertension in observational studies (Pereira et al., 2002; Alonso et al., 2005; Wang et al., 2008; Toledo et al., 2009) . In addition, the Dietary Approaches to Stop Hypertension trial showed that a dietary pattern rich in fruits and vegetables, low-fat dairy products and low in total fat was more effective than a control diet or fruits and vegetables alone in reducing BP levels (Appel et al., 1997) . This effect was similar in whites and African Americans (Appel et al., 1997) . Less information is available, however, Dairy intake and blood pressure change over time A Alonso et al from epidemiologic studies including non-white populations. To date, most studies addressing the relationship between dairy products intake and the risk of hypertension have been limited to samples of Europeans or Europeandescent individuals (Alonso et al., 2005; Wang et al., 2008; Toledo et al., 2009 ). In the CARDIA study, which included a sample of 3157 blacks and whites from the United States, aged 18-30, and followed up for 10 years, dairy products intake (particularly low-fat dairy products) was associated with lower incidence of metabolic syndrome, including high BP, in both racial groups (Pereira et al., 2002) . The different results in CARDIA and ARIC could be consequence of the different age structure of the population (younger in CARDIA) or differences in dietary assessment. A major limitation in addressing the association between dairy products intake and health outcomes is the high prevalence of lactose intolerance in African-Americans adults and other non-white racial groups (Jackson and Savaiano, 2001) , reducing their range of dairy products intake and, therefore, limiting the study of statistical associations. In addition, the present study included only a limited number of African Americans.
In conclusion, our results offer some evidence that higher low-fat milk intake might prevent BP elevations associated with age, at least in whites. Though the differences in BP change across categories of low-fat milk intake were small, these results are meaningful from a public health perspective: even average reductions of 2-3 mm Hg in average systolic BP Table 2 Changes in systolic and diastolic BP per 3 years (period between study visits) by categories of servings of total dairy and specific dairy products (ARIC study, 1987 (ARIC study, -1999 Results from general linear models adjusted for age (in years), sex, study center, education (six categories), body mass index (in kg/m 2 ), waist-to-hip ratio (continuous variable), sports-related physical activity (continuous variable), smoking (never, former or current smoker), and intake of total energy (in kcal per day), alcohol (six categories), sodium (quintiles), potassium (quintiles), and fruits and vegetables (quartiles). b Race-specific quartiles of intake (in servings per day) of total dairy products. c One serving of milk corresponds to one 237 ml (8 oz) glass.
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